Most of the cutting tools in use are imported and the cost of replacement is high, hence there is need to develop them locally. This research work studied the abrasion wear of cutting tools developed from recycled steel using palm kernel shell (PKS) as carbon additive. The chemical composition of the materials was analysed before and after the melting. Alloy additives were added and then carburized in a furnace at different temperatures and time ranges. The toughness, surface and core hardness were carried out given 24.0 J/cm 2 , 76.8 and 47.9 HR with 17 J/cm 2 , 76.3 and 46.1 HR for the control. It was observed that the tool cut the work piece easily on a lathe machine with the best minimum length of cut 50 mm for the time of cut 1.19 and 2.02 minutes mm. It can be concluded that the developed cutting tool showed significant performances during machining.
Introduction
Cutting tool wear is the main challenge of modern machining industries which reduces the goal of achieving high tool performance in the area of its dimensional accuracy, surface finish, high production rate, high wear on the cutting tools and high economy of machining in term of cost saving . Klocke et al. (2002) described metal cutting as highly non-linear and thermomechanical process of metal removal resulting to the temperature increase in the workpiece; this is usually as a result of rapid plastic flow and friction along the tool-chip interface. In machining operation, the cutting pressure was usually the dominant parameter for surface roughness followed by the feed while cutting speed had a minimal effect on surface roughness compared to other available parameters . Afolalu et al. (2017) confirmed that carburisation as a diffusion-controlled process that involves penetration of carbon into surface and core of the materials. It was reported that the longer the soaking period in carbon-rich environment, the more the concentration of carbon penetration into the surface and core of the materials (Oyetunji and Adeosun, 2012) . Prime et al. (2006) discovered that most commonly performed steel heat treatments in present age is carburisation, which was performed about four thousand years by packing the low carbon wrought iron parts in charcoal with an increased temperature of the pack to red heat (elevated temperature) for several hours (Bodude and Momohjimoh, 2015) .
The entire pack of charcoal and materials were then dumped into the water to quench it. Afolalu et al. (2015b) confirmed that surface became very hard, while the interior or 'core' of the part retained the toughness of low carbon steel (Craig, 2006) . Carburisation is one of the several methods used for improving the wear resistance of low carbon steel (0.1-0.25% C) and this can be done by any of three methods of liquid carburising, solid carburising and gas carburising. Out of the three mentioned, solid carburisation is much capable of improving the hardness and wear resistance of steel compared to other methods (Ajayi et al., 2017) . The main reason for carburisation is to increase interface area generated by the formation of carbide at grain boundaries causing impurities which usually resulted to increase in ductility as the carburising temperature increases (Oyinbo et al., 2015) .
The chemical composition can be increased and changed in microstructure with through carburisation using palm kernel shell (PKS) (Mohd, 2012) . However, PKS has the possibility to become a high potential raw material in carburisation as a result of its better hardness (Agunsoye et al., 2011) Adio and Asere (2009) investigated that the uniform distribution of PKS particle as shown in the microstructure of the composite is the significant factor that responsible for the improvement in strength and it enhances the improvement of wear property of the recycled polyethylene matrix composite (Adetunji et al., 2016) . Feng et al. (2008) investigated that degree of mechanical properties of carbon steels increase in proportion with the rise in the concentration of carbon that dissolved in austenite prior to quenching during hardening heat treatment which may be as a result of the transformation of austenite into martensite.
The toughness and mechanical strength of medium carbon steels can be improved by quenching in appropriate medium (oil, water or air), note that the major influencing factors in the choice of the quenching medium are the types of heat treatment in use and composition of the materials (Degarmo et al., 1997) . The content of carbon steel usually has a comparative property with iron phase, low carbon steel possess low tensile strength as which resulted to low malleability (Daramola et al., 2010) brittleness and ductility and apart from its low cost. It has a microstructure austenite and pearlite that are relatively soft and weak which enable its easy machinability (Batter et al., 2006) . Fouda and Hamdy (2013) observed that the corrosion rate of carbon steel in surface water decreases with increase in concentration and the corrosiveness of carbon steel was always a subject of high theoretical and practical application.
In rapid development at present, the demand for more efficient cutting tool increases continuously with technology and the process of recycling is given attention and emphasis to be renewed for each country. Most of the cutting tools in use are imported and the cost of replacement is high, hence there is need to develop them locally The interest in this research work is to carry out performance evaluation of cutting tool developed locally by investigating its mechanical properties and abrasive wear during machining.
Materials and methods

Production process
Casting was carried out using an induction furnace of capacity of 1 tonne and maximum melting temperature of about 3000°C. The materials of recycled carbon steel (Crankshaft and rod) were melted at temperature of about 1539°C and poured at temperature of 1545°C. This gave clean melt with 0.05% max of phosphorus and sulphur at barest minimum. Having selected 100 kg medium carbon steel (0.45% Carbon) of recycled carbon steel, these materials were weighed and charged into the furnace. The composition was taken with spectrometer before and after melting of the materials. Some portion was taken to the metallurgical laboratory for analysis and it was noted that there was a reduction in the chemistry of the materials selected shown in Tables 1 and 2 due to oxidation reaction during melting . Twelve pieces of samples were prepared and heat treatment was carried out extensively to improve their material properties. In the heat treatment, the microstructures of materials were modified and the resulting phase transformation influences mechanical properties like strength, ductility, toughness, hardness and wear resistance. This was done to increase the service life of the tool by increasing its strength or hardness. Alloying was carried out by increasing the percentage of carbon and silicon above medium carbon steel grade by using melt correction (for Carbon 0.45-0.65% and silicon 0.67-1.22% element) to obtain treated mild steel of HSS (High Speed Steel) of comparative standard (Orisanmi et al., 2017) .
Calculations for melt correction
For Carbon, The same methods applicable for other compositions of these elements in their pure form were used as follows; Manganese = 80%, Tungsten (W) = 100%, Vanadium (V) = 100% and Nickel (Ni) = 100%.
Carburisation
The heat treatment (Carburisation) was carried out using muffle furnace of temperature 1500°C. About 200 kg of raw PKS was ground with grinding machine, as a result of its nature of high hardness; the product obtained was in a coarse form which required being milled and sieved in order to achieve finest form of carburiser. Summarily, the pulverised carbon was prepared from PKS by the following processes; drying, grinding, milling and sieving (Anmark et al., 2015) . In carburising the samples, 12 samples each for long and short sizes were inserted in the pulverised PKS shown in with 25% proportion of Barium trioxocarbonate (v) salt (BaCO 3 ) as an energiser. The carburiser was weighed and packed inside steel boxes of density 700 g/cm 3 and tightly filled up with powdered PKS cover to prevent the CO from escaping and prevent unwanted furnace gas from entering the steel box during heating. The temperature of the furnace was adjusted to the required temperature (800, 850, 900 and 950°C) which were within the austenite temperatures used for each stage respectively and the loaded steel box was charged into the muffle furnace one after the other. When the furnace temperature reaches the required carburising temperature, it was then soaked at the temperature for the required time (60, 90 and 120 min) for effective diffusion of the carbon into the surface and core of the tools. After the materials were held at the specified time, the steel pot was removed from the furnace and the cutting tools were discharged from the pot and quenched with oil at an appropriate time. The samples of tools developed were shown in Figure 1 . 
Experimental for test set-up
To carry out the test of abrasion wear for cutting tool developed from recycled steel using PKS as carbon additive for this research; Twelve samples of the developed tools were selected as shown in Figure 1 to compare their abrasion wear with imported HSS cutting tools of micro and surface hardness 46.1 and 76.3 HR. The following tests were undergone; Micro and surface hardness test using micro-hardness test -LM700AT-FM7696, test on centre lathe machine for turning operation to measure the time of cut on low and medium carbon steel, length of cut of different speed and feed rate, impact toughness test on impact Tester-Mituyo-Model-Ex9406 4/6705CE-300J. 
Micro and surface hardness test results
The carburised cutting tools have undergone micro and surface hardness test which was carried out by using micro hardness tester shown in Figure 2 .
Turning operation
The performances of the 12 samples of cutting tools prepared were tested on Centre lathe machine as shown in Figure 3 for turning operation to measure the time of cut on low and medium carbon steel, length of cut of different speed and feed rate shown in Tables 3  and 4 
Impact toughness test
Impact Tester-Mituyo-Model-Ex9406 4/6705CE-300J shown in Figure 4 was used for impact toughness test and it was designed to carry out two types of the impact test; U-notch -Izod and V-notch Charpy impact on materials. The test was carried out at the room temperature which the samples assumed. The maximum energy of the machine is 300 J for Charpy impact and 150 J for Izod impact. The samples were prepared for the Charpy test with V notch at the centre of each sample, while the machine hammer was raised and suspended with the lock device. The specimen to be tested was gently placed on the bed for the test with the help of a sample holder with notch backing the direction of travel of the hammer. The reader (pointer) was set to zero on the consequent adjustment of the machine, the lever was released to enable the hammer to hit the sample and the records were then taken at an interval as shown in Table 5 . 
Results and discussion
Test results
The result shown in Table 6 represented the degree of hardness in both the surface and core of the cutting tools. The micro-hardness values were represented by the core of the carburised samples while the surface hardness values were also represented to depict the case of the carburised samples. From the result of an experiment on the mechanical properties shown in Tables 3  and 4 , the length and time of cut increased with cutting speed but at constant cutting speed, the sample soaked longer at high temperature has more length of cutting than cutting time, therefore, impact strength decreases with increase in hardness. Considering the behaviour analysis of the results, the holding time, cutting time and carburising temperature had significant effects on mechanical properties and machinability of the materials as a tool.
The impact test carried out shown the energy absorbed in Table 5 when the cutting tools been subjected to an impact. From the results it was observed that the sample carburised at 800°C held for 60 min had higher energy absorption than sample carburised at 800°C held for 120 min, in this case, sample with low carburising temperature and holding time will some cases have energy absorption than with more time if the amount of carbon in the carburiser and energiser has been exhausted.
Analysis of the hardness both the surface and core shown in Figures 5 and 6 have a significant impact on the performance of the tools developed that cannot be underestimated. Considering the hardness, it can be observed that the rate of an increase in both the core and surface varies in proportion to the increase in carburising temperature and holding time. The cutting tool developed has highest micro hardness and surface hardness that show the significant of the tools developed in cutting operation. Increase in hardness value is effective as a result of PKS has enough proportion of carbon to penetrate into the layers of the tools. It was observed that the sample carburised at 800°C held for 60 min had higher micro hardness value than sample carburised at 800°C held for 120 min, in this case low carburising temperature with less holding time in some cases have higher hardness and energy absorption as shown in Figure 7 than with more time if the amount of carbon in the carburiser and energiser has been exhausted, in such case prolonging the holding time at higher temperature may not have much significant effects on the hardness of the cutting tool. 
Discussion
The use of energiser Barium trioxocarbonate (v) (BaC0 3 ) in 20% proportion increased the rate of carbon penetration into the layers of the tools this enhanced the absorption of heat against the carburising temperature (Ajayi et al., 2018) . The hardness and strength of martensite structure increased sharply with increase in carbon content. Contribution to the strength arises from the carbon in solid solution, carbides precipitated during the quench, dislocations introduced during the transformation, and this enhanced its hardenability.
During carburisation, there were clear traits of diffusion of carbon into the centre of the sample which led to the increased volume fraction of carbides that formed in the material. This is also responsible for the highest energy absorption, micro-hardness and surface hardness of 24 J/cm 2 , 47.9 HR and 76.8 HR respectively which was in conformity with (Alagbe, 2011) . The volume of carbide here is highest in sample L. Hence sample L is the choice sample because it has the best combination of treatment parameters and can be recommended for use in tools steel applications. Increase in the diffusion of carbon into the centre of sample C led to increase in volume fraction of carbides which were formed in the material caused a higher surface hardness of 52.3 HR. The length and time of cut increases as the cutting speed increases but at constant cutting speed the sample at high temperature has more length of cutting over cutting time which resulted to t impact strength decreases with increase in hardness. Considering the results of the experiment, it was observed that the tools developed have high toughness with 24 J/cm 3 compared with control (imported) with 17 J/cm 3 . This has shown high abrasiveness properties.
